Hospital marketing is becoming important for the survival and the prosperity of the health service. In addition, it indirectly acts as a formal feedback channel for the customer requirements, preferences, suggestions and complaints. In this work we have undertaken a survey based marketing study for two main objectives: The first being to better understand the patient clusters through k-means clustering and the second to understand customer perception of the different known quality perspectives through factor rotated and unrotated analysis. All of the questionnaires were designed according to international studies. Based on general descriptive statistics, items classified with higher variance but important, are: clean environment, doctors and nurses capabilities, and specialized doctors. Items that are less important with low variance are: food type, lighting and insurance. Also, items classified as more important with low variance are: recommended, no mistakes, and the cost. Using factor analysis rotated and unrotated reduced the variables into five main variables described as: medical aspects, psychological aspects, cost aspects, hospital image and ease of access and procedures. Using k-means clustering, the customers can be clustered into four main clusters with two of them described as general patient with wide variety of interest, serious cases interested in specialized doctors and food, and very serious case with high stress on equipment, no mistakes.
Introduction
It is argued that in the health care industry, increase in competitive pressures results in hospitals competing on the quality dimension [1] . In that respect, hospital competition might lead to better service and better efficiency. The improvement of efficiency over time is an indicator that hospitals have succeeded in their strategies to decrease the level of operational wastage in health care operations [2] . There are two consequences of competition among hospitals. One, in the absence of price competition, hospitals would perhaps compete on the quality dimension. This may lead to more resource consumption and hence lower efficiency. Two, increased competition should result in changes in demand, which would result in lower efficiency for those who are not able to attract patients, and higher efficiency for those who do [3] . Customer satisfaction is extremely important in highly competitive marketplace. Satisfaction is a person's feeling of pleasure or disappointment resulting from campaigning a product's perceived performance (or outcome) in relation to expectation. If the performance or expectations fall short, the customer is dissatisfied; if the performance matches the expectations, the customer is satisfied; if the performance exceeds expectation, the customer is highly satisfied or delighted [4] . Patients' satisfaction may drive for both changes in hospitals and for a better understanding of customer perception of quality through marketing studies.
It is becoming difficult for hospitals these days to depend on mere word of mouth promotion to attract patients, so hospital managements are putting extra effort in carving a brand image of the hospital and improving hospitals' visibility. In other words, many would agree that hospital marketing has evolved from being subtle to aggressive. Marketing is the management process that seeks to maximize returns to shareholders through developing relationships with valued customers and creating a competitive advantage [5] . The marketing concept came into use at the end of the 1940s (e.g., [6] - [13] ). Marketing duality with respect to customers and businesses is also referred to in various definitions of marketing [14] . Marketing can be looked as the art of attracting and keeping profitable customers [15] . A company should not try to pursue and satisfy every customer [16] .
Discussions of the role of marketing within organizations generally revolve around two perspectives (e.g., [17] - [20] ). The first is a functional group perspective, which views marketing as an individual and distinct organizational entity (e.g., the marketing department); the second is an activity-based perspective, where marketing is treated as a set of activities undertaken by different people throughout the whole organization (e.g., market orientation as the responsibility of everyone). Research has typically separated the two approaches; for example, Hunt (1976) [21] took an activity based perspective, while Walker et al. (1987) [22] provided an example of the application of a functional group approach. More recently, the two perspectives have also been integrated [23] - [27] .
A main component of marketing research is market segmentation and customer clustering. Clustering is an important mathematical tool for customer segmentation. Clustering is the problem of grouping objects on the basis of a similarity measure among them [28] . Relational clustering methods can be employed when a featurebased representation of the objects is not available, and their description is given in terms of pairwise (dis)similarities [28] . Clustering focuses on grouping objects on the basis of a similarity measure among them. It occurs very often in different disciplines and research areas. In some clustering applications, it is not possible to have a feature-based representation of the objects, and the description is given in terms of pairwise (dis)similarities. Some approaches have been proposed to cluster objects represented in this way, and are referred to as relational clustering methods [28] .
Factor analysis is a method of exploring relationships among observed parameters. Several research works utilized principle component factor analysis and varimax rotating methods to extract factors related to hospital service quality [29] . The recommended first step in developing the measurement model is to examine several potentially meaningful structures in the data collected from former patients. Exploratory factor analysis (EFA) is commonly viewed as the best analytical tool for this purpose [30] [31] . International market segmentation has become an important issue in developing, positioning, and selling products. It helps companies to target potential customers at the international-segment level and to obtain an appropriate positioning [32] . Segmentation is therefore particularly important in enterprises that wish to develop and implement successful global marketing strategies [32] . Despite the obvious importance of international market segmentation for marketing as a discipline in general and international marketing in particular, it has received relatively little attention. In the literature a small percentage of papers dealt directly with international market segmentation [32] [33] . Segmentation is important to choose the most appropriate marketing strategies that better fit the interests of each segment [34] especially if segments can be characterized in terms of demographic characteristics [35] or even quality label and perceptions [36] . The importance of the segmentation of consumers has been proved in several studies [34] [36]- [42] .
In this work we have applied customer segmentation to patients in Jordan through questionnaire result analysis for the purpose of identifying separate customer clusters and their requirements in hospitals. We also applied factor analysis to identify the important factors in customer requirements. 
The sample variance-covariance matrix and is expressed as
applying from (1) into (3)
We can't actually calculate U until we know, or have to guess as to ψ . A reasonable and common startingpoint is to do a linear regression of each feature j on all the other features, and then set j ψ to the mean squared error for that regression.
Through eigenvalue representation
We can represent the matrices as: 
In summary, we have collected our eigenvectors into a matrix, but for each column of the matrix we will multiply it by the square root of the corresponding eigenvalue. This will now form our matrix L of factor loading in the factor analysis.
Factor rotation is motivated by the fact that these factor models are not unique. The rotated factor model is expressed as
where
Varimax rotation is the most common of the rotations that are available which maximizes this quantity:
We can then re-estimate the rotated loadings and matrices. Following to that we can find the vector of common factors for subject i, or ˆi f by minimizing the sum of the squared residuals:
k-Means Clustering Analysis
Clustering uses a set of input variables ( ) 1 2 , , , n x x x  for example columns in a survey to classify them into clusters. k-means clustering aims to partition this data and following to that the population filling the questionnaire into k (≤n) sets { } 1 2 , , , k S S S S =  so as to minimize the within-cluster sum of squares namely:
where μ i is the mean of points in S i . We assume first a random k means
as centers of the clusters at the ith iteration. Then we assign each point (customer) to one of the means Eucliden distance.
We then re-estimate the mean of the clusters
The algorithm has converged when the assignments no longer change.
Results and Discussion
This section includes description of the questionnaire used (Section 3.1), general quantitative analysis is included in Section 3.2, factor analysis is described in Section 3.3, finally the clustering is in Section 3.4.
Questionnaire
The design of the questionnaire used in this study is as in Table 1 , the first column in the questionnaire contains question number, the next column contains the questions, the questionnaire contains 19 questions, the questions cover different variables related to the location, the calmness and cleanness of the surrounding environment, the availability of parking, the cost and quality of the service, the accuracy of the medical procedures, the availability of specialized doctors and nurses, the popularity of the hospital among people, etc. the last column in the questionnaire is divided into ten columns with scales from 1 to 10, and it is required to fill only one from the 10 choices for each question.
We have distributed questionnaires to different people in different geographical location, and we got the results presented in this work. categories, clean environment, doctors capability, and nurses capability, and specialized doctors. The explanation for the higher variance of these variables might be explained as a difference in responses between patient with critical cases for example the patient who wants to do an operation, and the patients doing routine hospital visits i.e. patients with simple procedure. Low variances reflect low dispute, there is less dispute that the food type, the lighting, and the insurance are relatively less important to patients, on the other hand there is less dispute that the recommended, no mistakes, and the cost are relatively more important.
General Quantitative Analysis

Factor Analysis
SPSS software was used to conduct factor analysis. Communality shows how much each attribute is explained by the factors. Table 3 is the table of communalities which shows how much of the variance in the variables has been accounted for by the extracted factors. Table 3 illustrates that all communalities are considered to be of high values for the 19 attributes, so the 19 attributes will be taken and considered for the next explanations.
According to Equation (1) communalities are calculated as the sum of the loadings of the variables which are calculated after removing the static mean (µ) and the noise factor (ε). Thus it reflects better the importance of the different variables to the patients. Variables with higher communalities are considered more important to the patients, namely no mistakes, interior design, the environment of the hospital, and the cost of service. Insurance, parking, and recommended are considered less important by the patients. Table 4 shows the rotated matrix factor analysis. Column 1 is the factor where the initial number of factors is the same as the number of variables used in the factor analysis. Column 2 is the initial eigenvalues, eigenvalues are the variances of the factors. Column 2 contains three columns the first one is the total, the second one is the % of variance, and the last one is the cumulative %. The first one which is the total contains the eigenvalues. The first factor will always account for the most variance (and hence have the highest eigenvalue), and the next factor will account for as much of the left over variance as it can, and so on. The second one which is the % of variance this column contains the percent of total variance accounted for by each factor. The last column is % of variance this column contains the cumulative percentage of variance accounted for by the current and all preceding factors. Next the table contains the rotation sums of squared loadings column the values in this panel of the table represent the distribution of the variance after the varimax rotation. Table 4 shows that 74.138% of variance is explained by the 5 factors from the whole data, which is a representative result considering the sample size of 1000 respondents. The first factor explains about 20.274%, the second explains 15.308%. The third factor has a variance of 14.16%, the forth and the fifth factors explain the rest of the data.
The Scree plot graphs the eigenvalue against the factor number. Figure 1 shows the Scree plot generated by the SPSS. From the Scree plot, it is known that SPSS software as a default takes the components which have an Eigen values above 1.
Component 5 has Eigen value of 0.992, so it can be included also. Then that bring us with 5 components/ factors which is reliable with 74.138%. Table 4 shows the rotated component matrix generated by SPSS software. The 19 attributes are reduced into 5 major factors as discussed before.
Using the marketing engineering software we obtained the results in Table 5 . Based on the largest absolute values in each column we defined the factors in Table 6 . For example the largest values in the first column in Table 5 are related to no medical mistakes, doctors' capabilities, nurses' capabilities, calmness, clean environment, and special tests and X-rays. These components are all related to medical aspects. The largest values in the next column are related to entertainment and interior design. We proposed that these two components can be defined as the psychological aspects. The largest absolute values in the third column are from health insurance, and cost of treatment, both are components of cost aspects. From the forth column the values are related to the food service and the reputation of the hospital, we proposed that these two components are defining the image of the hospital, from the last column in Table 5 , location, clean environment, parking, and quality of service are the components that have the highest absolute values, and all these components are related to ease of access and easy and quality procedures. Table 7 shows the rotated components matrix, the idea of rotation is to reduce the number of factors on which the variables under investigation. Rotation does not actually change anything but makes the interpretation of the analysis easier.
From Table 7 we gathered the components with the maximum absolute values in each column, and defined the factor for these components in Table 8 , from column 1 in Table 7 . It is clear that food service, calmness, and no medical mistakes are the components with the highest values, all of these components are related to medical mistakes, quality of service, and psychological aspects.
The second column shows that reputation, and quality have the maximum values, these two components reflect the image of the hospital, from the third column it is clear that the cost of the service and the food type are the components with the highest values, they are related to the quality and the cost. The forth column in Table 7 reveals that the location of the hospital and the environment are the components with the highest absolute values, these components are related to ease of access and the psychological aspects. From the last column in Table 7 it is clear that the lighting and the interior design are the components with the highest values, these two components are related to the psychological aspects.
Clustering
The clustering analysis study are shown in Table 9 resulted in a best number of clusters to be four, taking into account the five factors resulting from the factor analysis. The confidence level was set to be 95%. Cluster 1 this cluster represents 64% of the sample, this cluster represents general patient while concerned about all features equally. They will be selecting a hospital with no medical mistakes is very important to them, the presence of specialized doctors, capable doctors and capable nurses in the hospital is also very important. This group seeks hospital with certain tests or X-rays. Hospital locations are of great importance to them, they also seek a calm and clean surrounding area around the hospital. It is important for them to find a parking area for their cars as well as their visiting relatives'. From their point of view, it is important that hospital offers good quality food to its in-patients, the overall quality of services is of much importance to them. They prefer hospitals with considerably good reputation. It is important to have entertainment features in the hospital room (T.V., magazines, medical brochures, etc.). It is also preferred for them if the treating physician of a patient recom-mends the hospital. They prefer a hospital where they are health insured. Cost of treatment is a major factor for selecting hospitals for these people. Good Food service in the cafeteria of the hospital is also important to them. The lighting of the room is very important to them, i.e. proper sunshine and good electrical lighting is important for these people.
Cluster 2, this cluster represents (7%) of the sample, it is clear that this cluster represent the patients with critical cases, since the availability of Specialized doctor in the hospital is of the highest importance for them. They also require the hospital to offer a good type food to its patients.
Cluster 3, this cluster represents (11%) of the sample, specialized equipment are of major importance to them, this cluster shares a high interest with cluster 1 in some of the attribute. The lighting of the room is very important to them, i.e. proper sunshine and good electrical lighting is important for these people. They prefer a hospital where they are health insured. Their major interest is in the interior design of the hospital room. Comfortable interior design is of high importance to them. They prefer hospitals with considerably good reputation.
The last cluster is Cluster 4 with 18% from the sample. It is clear that this cluster is for the patients with the very serious cases, a hospital known for its accurate and reliable results and no medical mistakes committed during patients' treatment is very important to them. The presence of capable doctors and nurses in the hospital is very important to them. This cluster also share common interest with cluster 1 in some of the attributes. The cost of treatment and the presence of specialized equipment are major factors for selecting hospitals for the people in this cluster. Good Food service in the cafeteria of the hospital is also important to them.
The results acquired from the Clustering analysis model shows that the majority of the sample (64%) are interested in almost all of the attributes. That means that the chosen attributes are of great importance to many people and that they highly affect their hospitals' choice. Clusters 2, 3 and 4 are also interested in some of the attributes which confirms the importance of these attributes to people.
Conclusions
From the analysis of the results we concluded the following: 1) Based on general descriptive statistics, items classified with higher variance but important, are: clean environment, doctors and nurses capabilities, and specialized doctors. Items that are less important with low variance are: food type, lighting and insurance. Also, items classified as more important with low variance are: recommended, no mistakes, and the cost.
2) Factor analysis rotated and unrotated shows that we can sum up the variable into five main variables described as: medical aspects, psychological aspects, cost aspects, hospital image and procedures.
3) Using k-means clustering: the customers can be clustered into four main clusters: Cluster 1 (64% of the sample): this cluster represents general patients who usually select a hospital with high emphasis on no medical mistakes, specialized doctors, capable doctors and nurses, availability of certain tests, hospital locations, calm and clean surrounding area around the hospital, acceptable cost of treatment.
Cluster 2 (7% of the sample): critical cases consider availability of specialized doctor in the hospital and a good type food.
Cluster 3 (11% of the sample) considers specialized equipment, interior design, health insured and good reputation. This cluster shares a high interest with cluster 1 in some of the attribute.
Cluster 4 (18% from the sample) may represent very serious cases and consider no medical mistakes, capable doctors and nurses, cost of treatment, and the presence of specialized doctors.
